Magnolia species are widely cultivated in Japan as garden plants, and have been found to contain various compounds, including alkaloids, terpenoids, lignans, and neolignans. The constituents of the mature fruits of M. denudata were investigated, and two new phenolic derivatives, named denudalide and denudaquinol, were isolated and characterized, together with a known neolignan compound (denudatin A). Denudalide and denudaquinol showed cytotoxicity against the SFME and r/mHM-SFME-1 cell lines.
Magnolia species (Magnoliaceae) have been used for centuries in China, Korea, and Japan as traditional medicines. For example, the dried flower buds of Magnolia salicifolia MAXIM., M. kobus DC. and M. denudata DESR. are sources of the crude drug, ''Shin-i,'' in Japan, and are used to cure coughs, colds and chronic rhinitis.
The chemical constituents of the bark, leaves, and flower buds of M. denudata have been investigated, and it was established that M. denudata contained many alkaloids, terpenoids, lignans, and neolignans. [1] [2] [3] [4] However, the chemical constituents of the matured fruits of this plant material have not been studied. This paper reports the isolation of two new phenolic derivatives, named as denudalide (1) and denudaquinol (2) , from the matured fruits of M. denudata, as well as a known neolignan (denudatin A, 3). The structural elucidation of 1 and 2 was based on spectral evidence.
The mature fruits of M. denudata were air-dried and successively extracted with n-hexane, CHCl 3 , and MeOH. Part of the CHCl 3 extract was repeatedly purified by silica gel column chromatography followed by preparative TLC (p-TLC) to give denudalide (1) and denudatin A (3). Denudaquinol (2) was isolated from the MeOH extract by purification with silica gel column chromatography followed by p-TLC.
The molecular formula for denudalide (1) was assigned as C 18 H 22 O 3 (½M À H À peak at m=z 285.1491; calcd. for C 18 H 21 O 3 , 285.1491). In the 1 H-NMR spectrum of 1 (Table 1) , the presence of two meta-coupled aromatic protons (J ¼ 2:5 Hz) and an isolated methylene group (2H, s, 3.63) was evident. In addition, strong absorption at 1766 cm À1 was noted in the IR spectrum. These observations suggested the presence of a meta-disubstituted 2(3H)-benzofuranone. 5) Moreover, the 1 H-NMR data showed signals for three tertiary methyl groups at 1.52, 1.60 and 1.63 ppm, two olefinic protons at 5.01 and 5.21 ppm, and six methylenic protons at 2.0 ppm (4H, m) and 3.25 ppm (2H, d, J ¼ 7:3 Hz). In addition to this data, an analysis of the 13 C-NMR (Table 1) and COSY spectra led to the identification of a geranyl moiety. Due to the presence of a broad singlet signal at 4.83 ppm in the 1 H-NMR spectrum and the absorption at 3287 cm À1 in the IR spectum, the remaining substituent was a hydroxy group. In the HMBC experiment (Fig. 1) , the presence of long-range correlations between H 3.63 (H-3) and C 109.2 (C-4), 123.6 (C-3a), 146.8 (C-7a) and 174.7 (C-2), and between 3.25 (H-1 0 ) and C 115.4 (C-6), 126.0 (C-7) and 146.8 (C-7a) suggested that the location of the geranyl moiety was C-7. Thus, the structure of denudalide (1) was characterized as 7-
Some geranylgeranyl derivatives of hydroxy-2(3H)-benzofuranone have been previously reported. 6, 7) In addition, two 2(3H)-benzofuranones have been isolated from an extract of the aerial part of Vernonia trichoclada GLEASON (Asteraceae) and respectively characterized as 4-geranyl-5-O--D-glucopyranosyl-2(3H)-benzofuranone and 5-O--D-glucopyranosyl-4-isoprenyl-2(3H)-benzofuranone, 8) and the aglycon of these compounds have been isolated from Mimulus clevelandii BRANDEGEE (Scrophulariaceae). 5) However, denudalide (1) is a new compound, and this is the first isolation of a benzofuranone type of compound from Magnolia species.
Denudaquinol (2) À1 in the IR spectrum suggested the presence of a carbonyl group other than a -lactone. The 1 H-NMR spectrum of 2 was similar to that of denudalide (1), the difference being the presence of a methoxy group ( 3.66, 3H, s) and a phenolic hydroxy proton ( 6.43, 1H, s) in 2 ( Table 1) . Diagnostic cross peaks between phenolic-H ( 6.43) and 1 0 -C ( 121.8) and 3 0 -C ( 130.5), together with the other correlations shown in Fig. 1 , were observed in the HMBC experiment. Therefore, the structure of 2 was characterized to be methyl 2-(2 0 ,5 0 -dihydroxy-3 0 -((E)-3 00 ,7 00 -dimethylocta-2 00 ,6 00 -dienyl)phenyl)acetate. As natural products of this type, isonahocols D 1 and D 2 have been previously reported, 9) and the 1 H-/ 13 C-NMR and IR spectral data of these compounds were similar to those of 2. Regarding compound 2, it may be a transesterification-artifact formed during the extraction process. However, it is difficult to consider that a ring opening reaction of the -lactone occured under such mild conditions. In fact, denudaquinol (2) could not be detected by a treatment of denudalide (1) with methanol under acidic conditions. Therefore, denudaquinol (2) is regarded as being a new natural product.
Denudalide (1) and denudaquinol (2) were cytotoxic to the normal cell line, SFME, which had been established from a 16-d-old whole Balb/c mouse embryo and maintained in a serum-free culture medium, 10) and its tumor cell line, r/mHM-SFME-1, which had been transformed by a human H-ras oncogene and a mouse myc gene, 11) and each compound showed almost the same cytotoxic activities toward both cell lines. The IC 50 values for denudalide (1) against SFME and r/mHM-SFME-1 cells were 31.4 mM and 27.4 mM, respectively, and those for denudaquinol (2) against SFME and r/mHM-SFME-1 cells were 9.9 mM and 9.1 mM, respectively. There are only a few reports on derivatives of the present compounds, that is, the endothelin antagonistic activity of isonahocols D 1 and D 2 , 9) and the anti-HIV-1 activity of geranylgeranyl derivatives of hydroxy-2(3H)-benzofuranone (rhuscholide A).
7)
Experimental Apparatus and materials. MS data were measured with a Jeol JMS-700 spectrometer in the FAB and EI modes. IR spectra were recorded on a Jasco FT/IR-4100 infrared spectrometer.
1 H-and 13 C-NMR spectra were obtained with a Jeol JNM-EX400 spectrometer. Wakogel C-200 (Wako Pure Chemical Ind., Osaka, Japan) was used for column chromatography. DCFertigplatten Kieselgel 60 F 254 (0.25 mm thick, Merck, Germany) was used for preparative TLC. DC-Alufolien Kieselgel 60 F 254 (0.2 mm thick, Merck) was used for TLC analyses, the spots being detected under UV (254 nm) and by spraying with 20% sulfuric acid and then heating on a hot plate.
Plant material. The matured fruits of Magnolia denudata were collected in October, 2005 on the campus of Aomori University, Aomori, Japan, dried at room temperature prior to their extraction for 2 weeks, and seeds were removed. The plant was identified by one of us (T. N.), and a voucher specimen has been deposited in the herbarium of the Department of Clinical Pharmacy at Aomori University.
Extraction. The dried matured fruits of M. denudata (153.60 g) were successively extracted with n-hexane, CHCl 3 , and MeOH at r.t. Each solution was concentrated in vacuo to afford the n-hexane (20.12 g), CHCl 3 (8.94 g) and MeOH (7.67 g) extracts.
Isolation of denudalide (1) Fraction II-3 was rechromatographed over silica gel and eluted with n-hexane/EtOAc (6:1), n-hexane/ EtOAc (4:1), n-hexane/EtOAc (3:1), n-hexane/EtOAc (2:1), n-hexane/EtOAc (1:1) and EtOAc. The fraction eluted with n-hexane/EtOAc (1:1) was subjected to p-TLC, using CHCl 3 /EtOAc (80:1) as the solvent, to afford denudalide (1, 38 mg). 1 H-NMR and 13 C-NMR data, see Table 1 .
Measurement of the cytotoxic activities of denudalide (1) and denudaquinol (2) . SFME cells were presented by Dr. S. Shirahata (Kyushu University, Fukuoka, Japan), and r/mHM-SFME-1 cells were from our own cell stock.
11) The basal nutrient medium was a 1:1 mixture of Dulbecco's modified Eagle's medium and nutrient mixture F-12 Ham (DME/F-12; Sigma, St. Louis, MO, USA) 12, 13) supplemented with sodium bicarbonate (1.2 g/l; Sigma, St. Louis, MO, USA), sodium selenite (10 nM; Wako Pure Chemical Ind., Osaka, Japan) and gentamicin sulfate (10 mg/ml; Wako Pure Chemical Ind., Osaka, Japan). The cells were maintained in DME/ F-12 supplemented with insulin (10 mg/ml; Sigma, St. Louis, MO, USA) and transferrin (25 mg/ml; Sigma, St. Louis, MO, USA), with (for the SFME cells) or without (for the r/mHM-SFME-1 cells) EGF (50 ng/ml; Sigma, St. Louis, MO, USA) in 60 mm-diameter dishes precoated with bovine fibronectin (10 mg/ml; Biomedical Technologies, Stoughton, MA, USA) in a humidified atmosphere containing 20% O 2 and 5% CO 2 at 37 C. The cells cultured continuously in the serum-free medium were detached from stock dishes by trypsinization, and then diluted, centrifuged, resuspended, plated at 4 Â 10 4 cells/well in 96-well microplates, and cultured in the culture medium with or without the compounds (1, 2.5-40 mM; 2, 2.5-10 mM) to be tested. The cells were cultured for 24 h, and the cell numbers were determined by the MTT method. 14) Thus, MTT (20 ml, 5 mg/ml) was added to each well, the plates were incubated for 4 h, the medium was then removed, and the resulting formazan crystals were dissolved with dimethyl sulfoxide. The optical density of the solution was then measured at 540 nm with a multiscan spectrophotometer. The surviving fraction was calculated from the mean of the test sample/mean of an untreated sample (control). The sensitivity to treatment is expressed as IC 50 value, the concentration required for 50% inhibitions of cell growth.
